ABSTRACT
INTRODUCTION
General anesthesia (GA) and spinal anesthesia (SA) have both been shown to be suitable techniques for patients undergoing lumbar spine surgery (3, 6, 8) but GA is routinely used in most spinal practices (1) .
Anesthesiologists often favour SA because it reduces blood loss, ensures hemodynamic instability, and improves operating conditions by decreasing peripheral venous pressure that also reduces venous blood loss in the operative field (1, 4, 5, 9 ). In addition, in the prone position, the awake patient can self-position to avoid brachial plexus injury and pressure necrosis to the face that may occur in the malpositioned patient under GA. Pulmonary complications are reported to occur less frequently with SA compared with GA (11, 13, 15) .
SA is widely used technique for lumbar spine surgery especially for laminectomies (6, 9, 16, 18) but its use for posterior lumbar stabilization surgery has not been reported yet. However, a significant number of patients who present a high surgical risk have undergone posterior lumbar stabilization surgery with GA (12, 14) . SA is not routinely used for posterior lumbar stabilization surgery, even for high-risk patients, despite the fact that degenerative spondylolisthesis, spinal stenosis and lumbar compression fractures often implies the patient population is elderly with pre-existing comorbidities (7, 8, 10, 17, 18) .
The aim of this study was to determine the outcomes of SA in patients with degenerative spondylolisthesis, spinal stenosis and lumbar compression fractures who underwent posterior lumbar stabilization surgery.
MATERIAL and METHODS
A retrospective study was undertaken to review the use of SA in patients undergoing posterior lumbar stabilization surgery. 497 surgeries were performed on patients with degenerative spondylolisthesis, spinal stenosis and vertebra fracture between March 2007 and March 2015. The gender and age distribution of the patients are presented in Tables  I, II . All surgical procedures were performed by the same neurosurgeon and the anesthesia was ensured by the same anesthetist. The additional diseases that may pose a surgical problem for the patients are presented in Table III . All patients were classified by the anesthetist as American Society of Anesthesiology (ASA) grades 1, 2, 3 or 4. The medical conditions causing the patients to be considered as high-risk are shown in Table IV . All patients underwent radiological examinations with computed tomography and magnetic resonance imaging. Based on these examinations, the preoperative diagnoses of the patients were lumbar spondylolisthesis, recurrent lumbar disc herniation, lumbar spinal stenosis, and lumbar compression fracture (Table V) . We treated all of these 497 patients with posterior lumbar stabilization and laminectomy, discectomy, and if necessary posterior lumbar interbody fusion. All the patients received intravenous antibiotic before surgery and orally thereafter until 2 days after discharge from the hospital. SA was suggested to the patients as an option or alternative to the GA. The risk and benefits of both techniques were discussed with the patients and their relatives and the final decision was made by the patients. All patients were informed about the risks and benefits of spinal anesthesia before the surgery. After obtaining informed consent, a spinal anesthetic was administered for all 497 patients. Prehydration was performed in the operation room with 300 to 500 ml of lactated Ringer solution intravenously. The spinal anesthetic was administered to the patient in the sitting position. After sterile preparation, the best interspace at the L3-4 or L4-5 level was identified and a local anesthetic was administered into the skin and superficial tissues using a 25-gauge needle. Dural puncture was performed using a 22-gauge Quince needle and subarachnoid block was achieved with 15 mg of 0.5% plain bupivacaine with 2 µg of fentanyl and 0.2 mg of epinephrine. The patient was returned to the supine position, and as soon as there was clear evidence of subarachnoid block at T-12 or above, the patient was turned to the prone position on the operating bed. A pillow was applied to allow easy breathing and to relieve anxiety about the face being covered. Oxygen was administered by a nasal cannula at 2 L/minute. No supplemental sedation was given to avoid increased risk of hypotension and cardiovascular instability. At the end of the procedure, the patient was transferred to the Post-anesthesia Recovery Unit (PARU).
There was no failure of anesthesia. Surgery was successfully completed in all patients. The patients were closely monitored for complications associated with the SA technique and especially hypotension and bradycardia but no gross alterations in cardiovascular stability were noted.
Age, sex, height, weight and ASA score were recorded at the time the patient first entered the operation room. Total anesthesia duration (time from the patient's entry into the operating room until transfer to the PARU) and operative time (time from incision to placement of the surgical dressing) were documented.
Patients' complaints of pain or nausea, or episodes of vomiting during the postoperative period were recorded in the nursing notes. Pain was treated with self-controlled intravenous morphine. Postoperative complications such as headache, urinary retention or pulmonary dysfunction were recorded. The patients who underwent surgery on more than 2 levels required a blood transfusion. Postoperative surgical complications were also recorded.
RESULTS
The study cohort consisted of 139 men and 358 (72%) women, and the median age was 51 (range 29-84) years (Table I, II) . Of the 497 patients, 57 patients were ASA-1, 124 patients were ASA-2, 251 (50.5%) were ASA-3 and 65 were ASA-4. Most (63.5%) of the patients were ASA-3 in the preoperative period.
The mean duration of anesthesia was 130 minutes (range 50-180 minutes) but the duration was shortened in case of dural injury and cerebrospinal fluid (CSF) loss, The average operative time was 85 minutes (range 45-145 minutes) and the average blood loss was 400 ml (range 200-1300 ml).
No patient died in this series. All patients were mobilized 8 hours after surgery. The average duration of hospital stay was 2 days.
In the postoperative period 36 patients has nausea (7.2%) and 18 experienced vomiting (3.6%) that required 1 dose of antiemetic. The postoperative narcotic requirement was 0.5 mg morphine sulphate/hour. No headache was observed and 36 (7.2%) patients complained of urinary retention. All recovered within 24 hours with urethral cannulation. No respiratory complication occurred. A CSF fistula was the most common surgical complication and was observed in 5 (1%) patients. The postoperative complications secondary to spinal stabilization surgery are summarized in Table VI .
DISCUSSION
This study supports the role of SA technique for the management of patients undergoing posterior lumbar spinal stabilization surgery. Posterior lumbar stabilization can be performed under SA without mortality and with very low morbidity. In this study, 63.5% of the patients were ASA 3 and 4, considered as high-risk patients. It is notable that there was no respiratory complication, which is one of the most common causes of morbidity and mortality in high-risk surgical patients. SA has been associated with complications such as hypotension, and bradycardia in previous studies (3, 10, 11) . However in our study, no morbidity attributable to the anesthetic technique occurred.
Neurosurgeons and spine surgeons are now increasingly confronted with degenerative changes of the lumbar spine because of the aging population (10, 19) . Degenerative changes of the lumbar spine that are diagnosed by computed tomography and magnetic resonance imaging become more common with age and are present in all patients over 60 years old (10) . The treatment options for degenerative lumbar spine range from analgesic medication to extensive posterior stabilization surgery. The goal of surgery in these degenerative diseases is to decompress the nerve roots, dura mater, and vessels without impairing the spinal stability. having to remain in the same position, prolonged duration of surgery, or the ambient noise in the operating room (7, 9, 15). It should be kept in mind that the agents for sedation may cause airway obstruction requiring intervention. In addition, older patients demonstrate delayed recovery of psychomotor function after sedation. In our study, no additional sedation was used for our patients in order to avoid the morbidities of the sedation such as delayed recovery, airway obstruction, hypoxia, hypotension, and excitation (5, 8) .
This study demonstrates that the implementation of the SA technique in patients undergoing posterior lumbar stabilization can have significant advantages. SA is an effective, safe and low-risk option especially in patients in the ASA 3 or 4 risk groups undergoing posterior lumbar stabilization.
CONCLUSION
Spinal stabilization surgery presents a number of challenges to the anesthetist. Therefore, it must first be determined whether the patient has spinal stenosis, spondylolisthesis or fracture alone or associated with spinal instability. Presence of lumbar spinal instability is a universally accepted indication for stabilization surgery (3, 4) . We believe that the appropriate posterior stabilization system should be used for the management of degenerative spondylolisthesis, spinal stenosis, and lumbar compression fracture in elderly, high-risk patients with history of neurogenic claudication or vesicorectal symptoms. Based on scientific knowledge, conservative treatment options are worthless most of the time in this patient group and the patients should preferably have surgical treatment (10, 19) .
GA is the preferred technique for spinal stabilization surgery (1, 5) . However, high-risk patients may not tolerate the complications or side effects of GA (11) . Patients with highrisk medical conditions such as poorly controlled diabetes, cardiac or coronary disease, uncontrolled hypertension, chronic obstructive pulmonary disease, allergy and goiter were considered high-risk patients. However, GA is not without risk. The possible complications of GA in high-risk patients are headache, backache, nausea and vomiting, damage to the teeth, sore throat and laryngeal injury or spasm, anaphylaxis secondary to anesthetic agents, cardiovascular collapse, respiratory depression, aspiration pneumonia, hypothermia, hypoxic brain damage, nerve injury due to positioning, embolism (air or thrombus), and death. SA is therefore more suitable for high-risk patients.
Knowing the level of surgical anesthesia is extremely important since this will determine whether the patient can comfortably undergo the procedure and avoid the hemodynamic consequences of surgical stimulation (7). Therefore, SA is an alternative for the high-risk group of patients. Anesthesia levels adequate for lumbar surgery can be easily achieved with hyperbaric or isobaric local anesthetics. Typically, a dermatomal sensory level of at least T6-T8 will be required for L1-L5 surgery. Though this is higher than the level of the operative site, the higher level will allow for the surgery to take place and, depending on the local anesthetic selected, allow for a slow regression of surgical anesthesia coverage (13, 14) . The patient is placed in the full prone position in most instances but we preferred spinal anesthesia in the sitting position and then the patient was positioned prone for surgery.
Bupivacaine appears to be the agent of choice since it provides adequate duration of coverage (2, 4, 7) . In addition, some physicians select additives to the local anesthetic such as opioids, epinephrine, phenylephrine, neostigmine and clonidine. In our series, we used 15 mg of 0.5% plain bupivacaine with 2 µg of fentanyl and 0.2 mg of epinephrine for spinal anesthesia. This provided comfort for the patients during the spinal surgery.
Sedation is used in regional anesthesia to reduce anxiety and improve patient comfort and cooperation (12) . Although spinal anesthesia provides anesthesia of the surgical site, unpleasant and uncomfortable patient experiences result from
